Introduction
============

Toxic comas represent neurologic emergencies that require immediate evaluation and therapeutic intervention; therefore, considering the first hour is crucial, it is necessary to use specific algorithms (protocols). The first evaluation of the comatose child and the first therapeutic measures are initiated at the same time, as soon as possible ([@b1-etm-0-0-7857]). Therefore, these children require stabilization of vital functions, because at this stage it is difficult to identify etiology ([@b2-etm-0-0-7857],[@b3-etm-0-0-7857]).

Poisoning constitutes a dynamic condition and may have unpredictable evolution, especially in children. Consciousness and the patient\'s ability to maintain a patent airway and proper ventilation can change rapidly, so it is important to anticipate the action of the involved toxic ([@b4-etm-0-0-7857],[@b5-etm-0-0-7857]).

The objective was to rapidly identify the etiology of toxic coma in children, to appreciate the severity of the coma, to detect elements of gravity based on associated clinical signs and symptoms, in order to establish and initiate an effective treatment.

Patients and methods
====================

This is a retrospective study, in which we analyzed all patients diagnosed with coma admitted to the 'Grigore Alexandrescu' Clinical Emergency Hospital for Children in Bucharest (Romania) over a nine-year period (2003--2011). This study adhered to the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of our hospital, 'Grigore Alexandrescu' Clinical Emergency Hospital for Children. Focus was on toxic coma also including a prospective component related to tracking certain signs and symptoms associated with toxic coma to diagnose and initiate appropriate therapy as early as possible.

In order to assess the depth of the coma, the Reed scale, with 4 degrees was used.

The 1st degree coma patients included were those with dysarthria, reaction to pain stimuli and reflex responses present. Patients with 2nd degree coma are unresponsive to verbal stimulation and pain stimuli; they also present reflex responses. Patients unresponsive to verbal or pain stimulation, with diminished reflexes and vital functions present, were classified as 3rd degree coma patients. Non-reactive and unstable patients were included in 4th degree of coma - deep coma ([@b6-etm-0-0-7857],[@b7-etm-0-0-7857]).

Blood pressure, respiratory rate and pulse rate in children are specific for different age groups. Therefore, reports were made using reference values for age groups ([@b8-etm-0-0-7857]--[@b10-etm-0-0-7857]).

### Statistical analysis

The IBM SPSS v20 has been used to verify hypotheses. The descriptive analysis used media, median, modal value, standard error of average and standard deviation. Statistical results of \<0.05 (p wave) and a confidence interval of 95% were considered to indicate a statistically significant difference. The relative risk and OR were verified using tests such as Student\'s t-test, Chi-square test, Fischer exact test and ANOVA. A Games Howell post hoc test has been run, as the data did not meet the homogeneity of variances assumption. Binary logistic regression was used to check the share of each risk factor in the chosen model.

Results and Discussion
======================

In this nine-year study (2003--2011) 750 comatose patients were included; they were admitted to Pediatric Emergency Department of the 'Grigore Alexandrescu' Clinical Emergency Hospital for Children. We found that toxicants represent the main cause of coma in children. There were 445 patients diagnosed with toxic coma, representing 59.3% and 305 cases of non-toxic coma, 40.7% of all coma cases presented in the ER ([Table I](#tI-etm-0-0-7857){ref-type="table"}).

It was noted that the etiology of toxic coma in children is dominated by alcohol and abuse of substances: 47.9%, followed by poisoning with drugs acting on the central nervous system: 15.1%. Coma caused by non-pharmacological substances represents 10.6% of the total of toxic comas in children. Multidrug poisoning in 7.9% of the etiology was found. In total, 57 remained of unknown origin, representing 12.8%. In addition, the following should be mentioned: Dentocalmin, which is a combination of lidocaine, menthol and phenol, generating severe poisoning - all accidental, and isoniazid, commonly used in medical practice for tuberculosis treatment, all suicidal attempts ([Table II](#tII-etm-0-0-7857){ref-type="table"}).

Establishing different associations between these features enabled us to relate coma scale degrees with clinical manifestations ([Table III](#tIII-etm-0-0-7857){ref-type="table"}).

The 1st degree coma was associated with vomiting in 53.3% of the cases; aspiration syndrome in 1.6%; arrhythmias in 2.1%; cold, marbled, cyanotic extremities in 34%; capillary refill time over 3 sec in 11.9%; hypothermia in 3.8% and hyperthermia in 1%; myosis in 7.5% and mydriasis in 5.9%; seizures in 3.2% and convulsive status in 0.5% of the cases.

The 2nd degree coma was associated with vomiting in 72.8% of the cases; aspiration syndrome in 1.5%; arrhythmias in 6.5%; cold, marbled, cyanotic extremities in 74.3% of the cases; capillary refill time over 3 sec in 41%; hypothermia in 11.5% and hyperthermia in 1% of the cases; myosis in 10% and mydriasis in 14% of the cases; seizures in 16% and convulsive status in 1.5% of the cases.

The 3rd degree coma was associated with vomiting in 65% of the cases; aspiration syndrome in 1.9%; arrhythmias in 42%; cold, marbled, cyanotic extremities in 100%; capillary refill time over 3 sec in 94%; hypothermia in 26.9% and hyperthermia in 1.9%; myosis in 32.6% and mydriasis in 30.7%; seizures in 16% and convulsive status in 7.6% of the cases.

The 4th degree coma was associated with vomiting in 65% of the cases; aspiration syndrome in 44%; arrhythmias in 55%; cold, marbled cyanotic extremities in 100%; capillary refill time over 3 sec in 100%; hypothermia in 22%; myosis in 11% and mydriasis in 55%; seizures in 44% and convulsive status in 22% of the cases.

The clinical manifestations described above were more frequent and more severe as the coma degree increased. Life threatening symptoms, such as arrhythmias and seizures or even convulsive status and aspiration syndrome were present in 55.5, 44.4, 22.2 and 44.4%, respectively, of the cases for 4th degree coma, compared to 2.1, 3.2, 0.5 and 1.6% of the cases in 1st degree coma.

A great challenge was to establish a significant association between the clinical signs and the etiology of toxic coma, as shown in [Table IV](#tIV-etm-0-0-7857){ref-type="table"}.

Significant conclusions were drawn after associating clinical manifestations in patients with altered neurologic status of toxic cause and toxicants.

Vomiting was present in 93.6% of the cases in toxic coma produced by non-pharmacological substances, in 80% of the cases in isoniazid-related coma, in 71% of the cases in multidrug-related coma, in 64.7% of the cases in alcohol and abuse substances-induced coma, in 52.2% of the cases of toxic coma by neurological medication and in 19% cases of Dentocalmin-induced coma. Vomiting was present in 59.6% of cases of unknown etiology coma.

Aspiration syndrome was present in 24.7% of toxic coma cases. Regarding the coma scale, we observed that in three cases, the coma degree was 1; in one case, the coma degree was 3 and in four cases, the coma degree was 4. Differences were observed when we related coma to etiology. Aspiration syndrome was present in 8 cases of non-pharmacological substance toxic coma, a total of 17%, and also in 2 cases of poisoning with alcohol and abuse substances (0.9%) and one case of coma was related to CNS drug poisoning (1.49%). Aspiration syndrome was not associated with coma in multidrug, isoniazid, Dentocalmin or unknown substance poisoning.

Coma associated with arrhythmias represented 9.8% of total cases. Distribution according to coma etiology was as follows: 19.4% cases of coma in CNS drug poisoning associated arrhythmias and only 0.9% cases of alcoholic and abuse substances coma associated arrhythmias. Non-pharmacological substance poisoning associated coma and arrhythmias were present in 27.6% cases. Dentocalmin produced severe poisoning features manifested not only with altered mental status, but also with arrhythmias in 57.1% of the cases.

Hypothermia was recorded in 10.3% of the cases. Most cases of hypothermia were associated with alcohol poisoning: 16.4% in all coma cases. In addition, 4.4% of patients with coma induced by CNS drugs were hypothermic upon presentation.

In 25% of the cases of CNS drug poisoning coma, myosis was present, with 34% of the cases of mydriasis, so a total of 59% cases of coma associated with pupillary diameter abnormality. Seizures were present in 13.2% of cases of toxic coma, 17.9% cases of coma by CNS drug associated seizures and 3.75% cases of alcohol and abuse substances coma associated seizures. Non-pharmacological substance poisoning coma-associated seizures were present in 34% of the cases, and in 6% of cases in convulsive status. Two out of five cases of isoniazid poisoning developed seizures (40%) and other two developed convulsive status, with a total of 80% of cases with paroxysmal manifestation. Seizures in Dentocalmin poisoning were present in 47.6% of the cases and convulsive status was recorded in 23.8% of the cases (a total of 71.4%). The association between multidrug poisoning and seizures was recorded in 11.4% of the cases and in 12.2% of the cases of unknown toxicant poisoning.

Clinical examination of patients at presentation revealed normal looking extremities in 38.6% of the cases, cold, marbled, cyanotic extremities in 61.4% of the cases. Capillary refill time was normal in 62.7% of the cases and prolonged in 37.3% of the cases. Regulation of blood flow in extremities is realized by central and peripheral mechanisms: Hypoventilation (respiratory toxic drugs) or unventilated pulmonary areas (hydrocarbon aspiration pneumonia), cutaneous vasoconstriction (hypothermia or increased peripheral vascular resistance due to poisoning), decreased oxygen transportation mechanism (nitrites poisoning) and is impaired in poisoning complicated with shock ([@b11-etm-0-0-7857],[@b12-etm-0-0-7857]).

An interesting statistical association is represented by the age average according to the degree of coma using the Reed scale ([Table V](#tV-etm-0-0-7857){ref-type="table"}).

In the studied group, we found that the degree of coma is inversely proportional to the age average, so the deeper the coma, the lower the average age.

The distribution of cases by coma degree is as follows: 185 cases of 1st degree, representing 41.6% of all toxic coma, with an average age of 11.7 years; 199 cases of 2nd degree (44.7%), with a mean age of 11 years; 52 cases of 3rd degree (11.6%), with an average age of 8.9 years and 9 cases of coma degree 4 (representing 2%) with 7.6 age average ([Table VI](#tVI-etm-0-0-7857){ref-type="table"}).

We made the null hypothesis that there are no age differences between the degrees of coma ([Table VII](#tVII-etm-0-0-7857){ref-type="table"}).

By applying statistical significance tests (ANOVA variant analysis assay), the null hypothesis is denied for a statistical probability of \<0.05, which means that the age average differs significantly between the four coma degrees.

This statistical analysis has an important role in practice, because it helps us identify the frequency of association of coma complications, such as aspiration syndrome, arrhythmias and seizures with the severity of the coma.

In a study published in 2018, conducted in a tertiary care hospital in Iasi, in Northeast Romania, we found data similar to those in the present study. The study group consisted of 69 patients, aged 2 to 17, 36 boys (52.2%) and 33 (47.8%) girls. The main cause of coma in patients that required hospitalization and treatment in a medical intensive care unit was ethanol, 52.2% of the cases. In two patients, ethanol combined with ethnobotanics induced coma. Others causes of coma were drugs, 31.9% of the cases, organophosphorus insecticide in 6 cases, mushrooms in 2 cases, carbon monoxide, diluent, marijuana, 1 case each. Most of the patients with ethanolic and drugs induced coma had psychological and social problems, 73%. The youngest child with ethanolic coma was 2 years old. Among drugs, benzodiazepine overdose induced-coma was present in 18.6% of the patients, and 4 patients presented coma post ingestion of multiple neuroleptic and anticonvulsant drugs. Only 17.4% of the patients required orotracheal intubation ([@b13-etm-0-0-7857]). The evolution was favorable in most cases; only two deaths were registered (3%) ([@b14-etm-0-0-7857]).

In conclusion, the etiology of toxic coma in children was dominated by alcohol and abuse substances in 47.9% of the cases, followed by neurologic medication in 15.1% of the cases. Coma induced by non-pharmacological substances represents a total of 10.6% cases, but has a higher severity and mortality rate. 7.9% cases of toxic coma had multidrug etiology. In total, 57 cases remain of unknown toxicant etiology; poisoning substance could not be identified in a total of 12.8% of the cases.

Clinical manifestations associated with toxic coma were more frequent and more severe as the degree of mental status alteration increased. Life threatening events such as arrhythmias, seizures and convulsive status or aspiration syndrome were present in 55.5%, 44.4%, 22.2% and 44.4% of the cases, respectively, for 4th degree Reed coma scale and 2.1, 3.2, 0.5 and 0.6% of cases in 1st degree Reed coma scale.

Associating clinical manifestations in patients with altered neurologic status of toxic cause and toxicants has an important role in practice, because it helps us identify the frequency of association of coma complications, such as aspiration syndrome, arrhythmias and seizures.
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###### 

Cases of poisoning, coma and deaths between 2003 and 2011.

  Year    Poisoning   Toxic coma   Toxic coma (%)   Deaths   Deaths in toxic coma (%)
  ------- ----------- ------------ ---------------- -------- --------------------------
  2003    663         20           3.01             2        10
  2004    615         42           6.82             3        7.14
  2005    529         32           6.04             3        9.37
  2006    570         37           6.49             5        13.5
  2007    518         45           8.68             1        2.22
  2008    634         58           9.10             2        3.44
  2009    726         62           8.50             2        3.22
  2010    718         71           9.80             3        4.22
  2011    788         78           9.89             2        2.56
  Total   5761        445          7.72             23       5.16

###### 

Etiology of toxic coma in children.

  Etiology                                            Frequency   Percentage   Cumulative percentage
  --------------------------------------------------- ----------- ------------ -----------------------
  Ethanol/Abuse substances                            213         47.9         47.9
  CNS acting drugs                                    67          15.1         62.9
  Unknown                                             57          12.8         75.7
  Non-pharmacological substances                      47          10.6         86.3
  Multiple drug poisoning                             35          7.9          94.2
  Dentocalmin (lidocaine, menthol, phenol solution)   21          4.7          98.9
  Isoniazid                                           5           1.1          100.0
  Total                                               445         100.0        

###### 

Association between clinical findings and the depth of coma.

                             Coma degree                                       
  -------------------------- ------------- ------ ----- ------ ---- ------ --- -----
  Vomiting                                                                     
    No                       86            19.3   54    12.1   18   4      3   0.7
    Yes                      99            22.2   145   32.6   34   7.6    6   1.3
  Aspiration syndrome                                                          
    No                       182           40.9   196   44     51   11.5   5   1.1
    Yes                      3             0.7    3     0.7    1    0.2    4   0.9
  Arrhythmias                                                                  
    No                       180           40.5   186   41.9   30   6.8    4   0.9
    Yes                      4             0.9    13    2.9    22   5      5   1.1
  Extremities                                                                  
    Normal                   121           27.2   51    11.5   0    0.0    0   0
    Cold, marble, cyanotic   63            14.2   148   33.3   52   11.7   9   2
  Capillary refill time                                                        
    \<3 sec                  163           36.6   116   26.1   3    0.7    0   0
    \>3 sec                  22            4.9    83    18.7   49   11     9   2
  Temperature                                                                  
    Normal                   176           39.6   174   39.1   37   8.3    7   1.6
    Hyperthermia             2             0.4    2     0.4    1    0.2    0   0
    Hypothermia              7             1.6    23    5.2    14   3.1    2   0.4
  Pupillary size                                                               
    Normal                   160           36     151   33.9   19   4.3    3   0.7
    Mydriasis                11            2.5    28    6.3    16   3.6    5   1.1
    Myosis                   14            3.1    20    4.5    17   3.8    1   0.2
  Seizures                                                                     
    No                       178           40     163   36.6   32   7.2    3   0.7
    Yes                      6             1.3    33    7.4    16   3.6    4   0.9
    Convulsive status        1             0.2    3     0.7    4    0.9    2   0.4

###### 

Association between coma and other clinical signs according to etiology.

                              Etiology                                                                       
  --------------------------- ---------- ------ ----- ------ ---- ----- --- ----- ---- ----- ---- ----- ---- ------
  Vomiting                                                                                                   
    No                        32         7.2    75    16.9   3    0.7   1   0.2   17   3.8   10   2.2   23   5.2
    Yes                       35         7.9    138   31     44   9.9   4   0.9   4    0.9   25   5.6   34   7.6
  Aspiration syndrome                                                                                        
    No                        66         14.8   211   47.4   39   8.8   5   1.1   21   4.7   35   7.9   57   12.8
    Yes                       1          0.2    2     0.4    8    1.8   0   0     0    0     0    0     0    0
  Arrhythmias                                                                                                
    No                        54         12.2   211   47.5   33   7.4   5   1.1   9    2     34   7.7   54   12.2
    Yes                       13         2.9    2     0.5    13   2.9   0   0     12   2.7   1    0.2   3    0.7
  Extremities                                                                                                
    Normal                    26         5.8    103   23.1   7    1.6   1   0.2   0    0     11   2.5   24   5.4
    Cold, cyanotic, marbled   41         9.2    110   24.7   39   8.8   4   0.9   21   4.7   24   5.4   33   7.4
  Capillary refill time                                                                                      
    \<3 sec                   39         8.8    160   36     12   2.7   1   0.2   5    1.1   21   4.7   44   9.9
    \>3 sec                   28         6.3    53    11.9   35   7.9   4   0.9   16   3.6   14   3.1   13   2.9
  Temperature                                                                                                
    Normal                    63         14.2   177   39.8   44   9.9   4   0.9   21   4.7   31   7.0   54   12.1
    Hyperthermia              1          0.2    1     0.2    1    0.2   1   0.2   0    0     0    0     1    0.2
    Hypothermia               3          0.7    35    7.9    2    0.4   0   0     0    0     4    0.9   2    0.4
  Pupillary diameter                                                                                         
    Normal                    27         6.1    192   43.1   31   7.0   2   0.4   13   2.9   29   6.5   39   8.8
    Mydriasis                 23         5.2    17    3.8    1    0.2   3   0.7   8    1.8   1    0.2   7    1.6
    Myosis                    17         3.8    4     0.9    15   3.4   0   0     0    0     5    1.1   11   2.5
  Seizures                                                                                                   
    Absent                    55         12.4   205   46.1   28   6.3   1   0.2   6    1.3   31   7     50   11.2
    Present                   12         2.7    8     1.8    16   3.6   2   0.4   10   2.2   4    0.9   7    1.6
    Convulsive status         0          0      0     0      3    0.7   2   0.4   5    1.1   0    0     0    0

###### 

Age average according to the degree of coma.

                                        95% confidence interval for mean               
  ------- ----- ------- ------- ------- ---------------------------------- ------- --- ----
  1       185   11.71   4.917   0.361   10.99                              12.42   0   17
  2       199   11.01   5.272   0.374   10.27                              11.75   0   18
  3       52    8.94    5.988   0.830   7.28                               10.61   0   17
  4       9     7.67    5.723   1.908   3.27                               12.07   1   15
  Total   445   10.99   5.297   0.251   10.50                              11.48   0   18

SD, standard deviation; SE, standard error.

###### 

Distribution of cases by the depth of coma.

          Total   
  ------- ------- ------
  1       185     41.6
  2       199     44.7
  3         52    11.7
  4         9     2
  Total   445     100

###### 

Age differences between the degrees of coma.

  Groups           Sum of squares   df    Mean square   F-value   P-value
  ---------------- ---------------- ----- ------------- --------- ---------
  Between groups   412.919            3   137.640       5.040     0.002
  Within groups    12043.045        441   27.308                  
  Total            12455.964        444                           

ANOVA, the test shows that age average differs between the 4 degrees of coma. df, degrees of freedom.
